LONG-TERM EXCESS ALCOHOL CONSUMPTION causes liver damage; the earliest pathological stage is fatty liver, which is characterized by lipid droplet accumulation in the hepatocytes under microscope (13) . The liver plays a crucial role in lipid metabolism and whole body energy homeostasis. Previous studies have shown that chronic alcohol consumption affects multiple lipid metabolic pathways in the liver, such as stimulating de novo lipogenesis, enhancing fatty acid uptake, and suppressing fatty acid oxidation and very low-density lipoprotein (VLDL) export (7, 24, 46, 47) . All these alcohol effects on hepatic lipid metabolism favor lipid accumulation in the liver. Furthermore, extrahepatic factors such as adipokines secreted from the white adipose tissue (WAT) critically regulate hepatic lipid homeostasis (34, 36, 48) . Previous studies have demonstrated that alcohol consumption causes WAT dysfunction, which impacts hepatic lipid homeostasis via an organ-organ interaction mechanism (36, 48) .
WAT plays an important role in whole body energy homeostasis by acting as a major organ for lipid storage and adipokine secretion (34) . Adiponectin is one of the most important adipokines and regulates hepatic lipid metabolism toward reduction of lipid content in the liver (34, 36, 48) . Adiponectin signaling in the liver leads to activation of AMPK (5=-adenosine monophosphate-activated protein kinase) pathway via AdipoR1/2 (adiponectin receptor 1/2). AMPK activation negatively regulates hepatic lipid level by stimulating fatty acid oxidation and suppressing fatty acid influx and de novo lipogenesis (34) . Chronic alcohol exposure has been shown to decrease plasma adiponectin level in a variety of animal models, including mice, rats, and micropigs (36, 48) . Replacement with recombinant mouse adiponectin attenuated alcoholinduced steatosis and inflammation (43) . Elevation of plasma adiponectin level was associated with protective effects of dietary supplementation with saturated fat, resveratrol, taurine, or rosiglitazone against alcoholic fatty liver (3, 6, 37, 45) . These studies indicate that dysregulation of adipokines contributes to the pathogenesis of alcoholic fatty liver.
Adipose tissue, as an energy-buffering organ, stores triglyceride in a positive energy condition and releases fatty acids in a negative energy balance condition. Disorder in adipose fat storage function may cause excess fatty acid influx into the liver, leading to steatosis (8, 23, 42) . Experimental elimination of adipose triglyceride buffering capacity by restricting adipose expansion has been shown to cause fatty liver and insulin resistance (41) , whereas increasing adipose expansion ability improved diet-induced fatty liver (21) . Therefore, healthy adipose tissue with appropriate expanding capacity is required for maintaining hepatic lipid homeostasis. Both clinical and animal studies have shown that alcoholic fatty liver is accompanied by reduction of adipose tissue mass (1, 2, 14, 17) . Peroxisome proliferator-activated receptor (PPAR)-␥ prominently distributes in the WAT and plays a crucial role in maintaining adipose expansion and adiposity (4) . Previous studies have demonstrated that PPAR-␥ activation attenuates alcoholic fatty liver, and stimulation of adiponectin secretion and hepatic adiponectin-SIRT1-AMPK signaling accounts for protective action of rosiglitazone (37) . The present study reports that activation of PPAR-␥ reversed alcohol-induced adipose tissue dysfunction and improved lipid homeostasis at the adipose tissue-liver axis.
MATERIALS AND METHODS

Animals and treatments.
Male C57BL/6 mice were purchased from Harlan (Indianapolis, IN). All the mice were treated according to experimental procedures approved by the Institutional Animal Care and Use Committee. Mice were pair fed a modified Lieber-DeCarli alcohol liquid diet containing either ethanol or isocaloric maltose dextrin as control for 8 wk. Ethanol was gradually increased from 35 to 38% of total calories in the diet. For PPAR-␥ activation, rosiglitazone was added to the liquid diet at a daily intake of 10 mg/kg body wt for the last 3 wk of feeding. At the end of the feeding experiment, mice were fasted for 4 h and euthanized under Avertin (300 mg/kg body wt). Blood, liver, epididymal (eWAT), and subcutaneous (sWAT) white adipose tissue samples were collected for analysis.
Blood metabolites assay. Blood glucose was measured via a OneTouch Ultra2 blood glucose meter (Life Scan, Milpitas, CA). Blood ketone bodies were determined by use of a CardioCheck analyzer with PTS Panels ketone test strips (Polymer Technology Systems, Indianapolis, IN). Plasma triglyceride and cholesterol concentrations were measured with the Infinity Triglyceride Reagent and Infinity Cholesterol Reagent (Thermo Scientific, Waltham, MA), respectively. Concentrations of plasma free fatty acids (FFA) were determined with a FFA Quantification Kit (BioVision, Mountain View, CA). Insulin and adiponectin levels were determined with ELISA kits (Millipore, Billerica, MA).
Adipose tissue explants culture ex vivo. Adipose tissue explants were obtained from the eWAT and sWAT. Adipose tissue explants were cut into small pieces (Ͻ10 mg), and placed in a culture plate with prewarmed Dulbecco's PBS containing penicillin (100 U/ml) and streptomycin (100 mg/ml) to remove connective tissue and blood vessels. Explants were weighed and transferred to 24-well plates (ϳ40 mg/well) in DMEM with L-glutamine (2 mM), penicillin (50 U/ml), streptomycin (50 mg/ml), and 2% fatty acid-free bovine serum albumin. Tissue culture was conducted at 37°C in a humidified atmosphere with 5% CO 2 for 2 h. FFA released in the culture medium was determined by a FFA Quantification Kit (BioVision, Mountain View, CA).
Estimation of adipocyte fatty acid uptake. Adipocytes were isolated from the eWAT as described previously (15) . Fatty acid uptake by isolated adipocytes was measured by using QBT Fatty Acid Uptake Assay Kit (Molecular Devices, Sunnyvale, CA) according to the manufacturer's instructions. Briefly, 50,000 adipocytes/well were placed in a 96-well black fluorescence plate. QBT dye was added, and the plate was read once a minute for 60 min in a Synergy 2 Multi-Mode Microplate Reader (BioTek, Winooski, VT) at 485 nm excitation and 528 nm emission wavelengths.
Measurement of adipocyte size. Adipocyte size measurement was performed as described previously (32) . Paraffin sections of the eWAT and sWAT were stained with hematoxylin and eosin. Images were taken at a final magnification of ϫ320 by use of Nikon NISElements F3.0 software. The longest diameter of each adipocyte and its perpendicular diameter were measured. These two values were then used to calculate the mean diameter. Diameters of 200 -240 adipocytes from four to five randomly selected, different optical fields from three individual mice per diet group were measured.
Estimation of liver lipid export. Liver VLDL-triglyceride secretion was determined with the Triton WR1339 method as described (9, 17) . In brief, mice fasted for 4 h were intraperitoneally injected with Triton WR1339 solution (tyloxapol; Sigma Chemical, St. Louis, MO) at 0.5 mg/g body wt. Blood samples were collected via tail vein at 0 and 90 min. Plasma samples were used for triglyceride quantification. Hepatic VLDL-triglyceride secretion rate was expressed as milligrams per gram of liver per hour.
Determination of liver injury. To examine liver injury, plasma liver enzyme activity, and liver pathology and lipid concentrations were determined. Plasma alanine aminotransferase (ALT) activity was colorimetrically measured using an Infinity ALT Reagent (Thermo Scientific, Waltham, MA). Liver tissue paraffin sections were prepared and stained with hematoxylin and eosin. Lipid quantitative assays were conducted by measuring the concentrations of triglyceride, cholesterol, and FFA in the liver tissues as described previously (17) .
Measurement of liver peroxisomal ␤-oxidation. Peroxisomal ␤-oxidation activity was measured as described previously (27) . Briefly, 30 mg liver was homogenized in nine volumes of cold 0.25 M sucrose with silicon beads (Next Advance, Averill, NY). The homogenates were centrifuged at 600 g for 10 min. The supernatants were assayed for peroxisomal ␤-oxidation in the presence of potassium cyanide (KCN) after addition of 10% (wt/vol) of Triton X-100 to reach to 1.0% final concentration. The rate of nicotinamideadenine dinucleotide-positive (NAD ϩ ) reduction is directly related to the fatty acid oxidation rate. The NAD ϩ reduction was measured spectrophotometrically at 340 nm for 5 min by addition of 0.01 mM palmitoyl-CoA to the assay mixture containing 47 mM Tris·HCl (pH 8.0), 0.2 mM NAD ϩ , 1 mM dithiothreitol, 0.0075% (wt/vol) bovine serum albumin, 0.01% (wt/vol) Triton X-100, 0.1 mM coenzyme A, 0.01 mM flavin adenine dinucleotide, and 1 mM KCN.
qRT-PCR analysis. Liver and adipose tissues were homogenized and total RNA was isolated. Total RNA 1 g was reverse transcribed with TaqMan Reverse Transcription Reagents (Life Technologies, Carlsbad, CA). The gene expression of related mRNA was measured in triplicate by the comparative cycle threshold method using 7500 real-time PCR system (Applied Biosystems, Carlsbad, CA). The primer sets for real-time PCR were purchased from IDT (Integrated DNA Technologies, Coralville, IA). The primer sequences are shown in Table 1 . The data were normalized to ␤-actin expression and presented as relatively changes, setting the values of control mice as one.
Immunoblot analysis. Liver proteins were extracted by RIPA buffer (8.1 mM Na 2HPO4, 1.5 mM KH2PO4, 2.7 mM KCl, 137 mM NaCl, 1% Nonidet P-40, 0.5% sodium deoxycholate, 0.1% SDS, pH 7.4) containing protease inhibitors. Protein samples were separated by 10% SDS-polyacrylamide gel and transferred onto a polyvinylidene fluoride membrane. The membrane was probed with polyclonal antibody against acyl-coenzyme A oxidase 1 (ACOX1, Proteintech, Chicago, IL). Following incubation with horseradish peroxidaseconjugated donkey anti-rabbit immunoglobulin G (Santa Cruz Biotechnology, Santa Cruz, CA), proteins were visualized by an Enhanced Chemiluminescence detection system (GE Healthcare, Piscataway, NJ) and quantified by densitometry analysis.
Statistical analysis. Data are expressed as means Ϯ SD. Statistical analysis was determined by ANOVA followed by Newman-Keuls multiple comparison. Table 2 , mice after 8 wk of ethanol feeding showed a significantly lower body weight, but a higher liver weight, leading to a significant increase in the liver-tobody weight ratio. Rosiglitazone treatment for the last 3 wk attenuated ethanol-induced lower body weight. Ethanol exposure reduced plasma cholesterol and FFA levels but did not affect other parameters including glucose, insulin, and adiponectin. Rosiglitazone attenuated ethanol's effect on ALT, plasma cholesterol, and ketone bodies and increased plasma adiponectin level by threefold. PPAR-␥ mRNA level in the adipose tissue was significantly decreased by ethanol feeding, which was normalized by rosiglitazone supplementation. Hepatic PPAR-␥ gene expression was not affected by ethanol feeding but upregulated by rosiglitazone supplementation (Fig. 1) .
RESULTS
Effects of rosiglitazone supplementation on blood parameters and PPAR-␥ gene expression in WAT and liver of ethanolfed mice. As shown in
Rosiglitazone attenuated ethanol-reduced WAT mass and adipocyte size as well as WAT inflammation. Ethanol feeding reduced both eWAT and sWAT masses, which were attenuated by rosiglitazone supplementation (Fig. 2A) . Light microscopy revealed that ethanol feeding induced adipose delipidation as indicated by smaller adipocyte size in both eWAT and sWAT (Fig. 2, B and C) . Measurement of adipocyte diameter showed that ethanol feeding significantly reduced the adipocyte size (Fig. 2C) . Rosiglitazone supplementation to ethanol-fed mice attenuated not only ethanol-induced reduction of adipocyte size but also infiltration of inflammatory cells. The expression of inflammatory genes including TNF-␣ (tumor necrosis factor-␣), IL-6 (interleukin-6), and MCP-1 (monocyte chemoattractant protein-1) was markedly increased by ethanol feeding, which were attenuated by rosiglitazone supplementation (Fig. 2D) . Mice were fed ethanol liquid diet for 8 wk, and rosiglitazone (Rosi) was supplemented in the liquid diet at 10 mg ⅐ kg body wt Ϫ1 ⅐ day Ϫ1 for the last 3 wk. Data are expressed as means Ϯ SD; n ϭ 6 -8. Means without a common letter differ at P Ͻ 0.05; *P Ͻ 0.001.
Rosiglitazone corrected ethanol-induced adipose dysfunction via modulating gene expression.
To determine the mechanism of how rosiglitazone attenuated ethanol-induced adipose delipidation, we evaluated adipose function and gene expression. Adipose tissue explant culture demonstrated that ethanol feeding stimulated lipolysis as indicated by more than twofold increase in FFA release from both eWAT and sWAT (Fig. 3A) . Rosiglitazone completely inhibited ethanol-increased FFA release from both eWAT and sWAT. In accordance, the mRNA levels of the major adipose lipases adipose triglyceride lipase (Atgl) and hormone-sensitive lipase (Hsl) were upregulated by fourfold and twofold, respectively, by ethanol feeding. Rosiglitazone supplementation to ethanol-fed mice normalized the mRNA levels of Atgl and Hsl (Fig. 3B) .
Fatty acid transport and fatty acid and triglyceride synthesis are important functions for adipose fat storage. Functional analysis with exogenous fluorescence-labeled fatty acids demonstrated that ethanol feeding for 8 wk significantly inhibited the adipocyte capacity in fatty acid uptake, which was normalized by rosiglitazone supplementation (Fig. 4A) . Quantitative RT-PCR (qRT-PCR) analysis showed that ethanol feeding downregulated all the genes related to fatty acid transport including CD36 (fatty acid translocase), Fatp1 (fatty acid transporter protein 1), Fabp4 (fatty acid binding protein 4), and Acs (acetyl-CoA synthetase) (Fig. 4B ). Ethanol feeding also downregulated genes related to VLDL uptake, such as Lpl (lipoprotein lipase) and Vldl-r (Fig. 4C) , and to lipogenesis, such as Fasn (fatty acid synthase), Dgat1 (diacylglycerol acyltransferase 1), and Srebp1c (sterol regulatory element binding protein 1c) (Fig. 4D ). All these repressive effects of ethanol on adipose gene expression were reversed by rosiglitazone supplementation.
Rosiglitazone reversed ethanol-induced fat accumulation in the liver in association with enhanced peroxisomal ␤-oxidation. Histopathological examination revealed that chronic ethanol feeding causes severe fat accumulation (micro and macro vacuoles) in the cytoplasm of hepatocytes (Fig. 5A) . Quantitative measurements of hepatic lipid showed ethanol feeding increased the liver triglyceride concentration by approximately twofold compared with pair-fed controls. Rosiglitazone supplementation reduced hepatic triglyceride concentration to the control level (Fig. 5B) . Hepatic level of FFA was also significantly elevated in ethanol-fed mice, which was normalized by rosiglitazone supplementation (Fig. 5C ). Rosiglitazone also attenuated ethanol-increased gene expression of inflammatory markers, TNF-␣ (tumor necrosis factor-␣), and KC (keratinocyte-derived chemokine), in the liver (Fig. 5D) . PPAR-␥ direct target genes, including Fabp4 (fatty acid binding protein 4/aP2), Cidec (cell death-inducing DNA fragmentation factor-␣-like effector C/fat-specific protein 27) and adipsin (complement factor D), were remarkably upregulated in the liver by rosiglitazone supplementation, whereas these genes were not affected by ethanol feeding (Fig. 5E ).
To determine how rosiglitazone improved ethanol-induced hepatic lipid dyshomeostasis, peroxisomal ␤-oxidation and VLDL secretion were measured. Ethanol feeding reduced peroxisomal ␤-oxidation rate (Fig. 6A ) in association with reduction of peroxisomal Acox1 mRNA (Fig. 6B ) and protein levels (Fig. 6C) . Rosiglitazone supplementation normalized peroxisomal ␤-oxidation rate in association with fivefold increase in Acox1 mRNA level and threefold increase in Acox1 protein level. Ethanol-fed mice showed a dramatic decrease in VLDL secretion rate, which was not affected by rosiglitazone (Fig. 7A) . Accordingly, the mRNA levels of Mttp (microsomal triglyceride transfer protein) and Apob (apolipoprotein B100) were reduced by ethanol feeding regardless rosiglitazone supplementation (Fig. 7B) .
DISCUSSION
Alcohol consumption has been shown to affect WAT mass and function in both human and animal studies. Clinical studies demonstrated that alcoholics have a significantly lower body weight and lower fat mass, but higher hepatic lipid content, compared with normal controls (1, 2) . Animal studies also showed that chronic alcohol feeding reduces WAT mass in association with a less body weight gain (14, 17) . Although the role of WAT reduction in the pathogenesis of alcoholic fatty liver has not been fully defined, our recently study demonstrated that adipose tissue triglycerides labeled with deuterium before ethanol feeding were accumulated in the liver after ethanol feeding (50) . These data suggest that ethanol feeding causes excess adipose lipolysis, leading to triglyceride reverse transport. Therefore, adipose tissue dysfunction may play an important role in the development of alcoholic steatosis. PPAR-␥ is the key transcription factor determining adipose expansion ability and adiponectin secretion. As outlined in Fig. 8 , the present study demonstrated that activation of PPAR-␥ by rosiglitazone attenuates ethanol-reduced WAT mass, thereby reducing fatty acid overflux to the liver. Rosiglitazone also stimulated hepatic peroxisomal fatty acid oxidation through stimulating adipose adiponectin production. These data suggest that activation of PPAR-␥ by rosiglitazone attenuates alcoholic fatty liver through improving lipid homeostasis at the WATliver axis.
Adipose lipid homeostasis is basically dependent on two major functions: triglyceride/fatty acid uptake and lipolysis/ fatty acid release (25) . Measurement of in vivo triglyceride turnover demonstrated that chronic ethanol feeding stimulates triglyceride turnover in epididymal WAT due to 2.3-fold increase in triglyceride degradation (14) . Although ␤-adrenergic receptor plays a crucial role in activating adipose lipolysis pathway, chronic ethanol feeding even suppressed ␤-adrenergic receptor-stimulated lipolysis (14, 15) . Moreover, insulinmediated negative regulation of lipolysis was impaired in ethanol-fed rats (14) . The present study showed that chronic ethanol feeding not only stimulated adipose lipolysis but also suppressed fatty acid uptake. Activation of PPAR-␥ by rosiglitazone normalized ethanol-induced imbalance between lipid uptake and release in association with normalization of ethanol-downregulated adipose genes related to lipid metabolism. Atgl and Hsl are major triglyceride hydrolases responsible for adipose lipolysis, and rosiglitazone normalized ethanol upregulated expression of Atgl and Hsl. On the other hand, chronic ethanol exposure downregulated all the genes related to VLDL uptake, fatty acid transport, and lipogenesis, which was normalized by rosiglitazone. These data demonstrated that chronic ethanol exposure disturbs all the major lipid metabolic pathways in WAT, and PPAR-␥ inactivation is likely a major molecular mechanism underlying the ethanol effects on adipose lipid metabolism.
PPAR-␥ has been shown to transactivate Atgl in adipocytes (18, 29) , but the present study generated a controversy data on PPAR-␥ and Atgl gene expression in WAT. Ethanol feeding decreased PPAR-␥ but increased Atgl gene expression in the WAT, and PPAR-␥ activation by rosiglitazone attenuated ethanol-upregulated Atgl gene. These results suggest that Atgl gene may be regulated by multiple factors. Insulin has been shown to negatively regulate Atgl gene, and increased adipose Atgl mRNA was associated with insulin deficiency or insulin resistance (20, 22) . Previous study has been shown that chronic ethanol exposure causes insulin resistance in mouse models of alcoholism (14) . Our recent study also demonstrated that chronic ethanol feeding to mice upregulate insulin signaling inhibitors in the WAT (50) . In addition, other factors such as glucocorticoids, cytokines, and nutrition status have been suggested to modulate adipose Atgl gene expression (39, 49) . Previous studies demonstrated that Atgl gene expression is induced by glucocorticoid, TNF-␣, or fasting. Our recent study showed that chronic alcohol feeding increases plasma corticosterone but reduces plasma glucose, which mimics the fasting condition. It is worth exploring further the precise mechanism of how PPAR-␥ modulates lipolytic genes in ethanol-induced excess adipose lipolysis in future study.
Adipose tissue as an endocrine organ secretes adipokines, and adiponectin is one of the major adipokines that critically regulate lipid metabolism in the liver (34) . Several reports have shown that ethanol feeding reduces the plasma adiponectin level in mice, rats, or micropigs (36, 43, 48) . In contrast, some studies demonstrated that ethanol exposure increases the plasma adiponectin level in mice or patients with alcoholic hepatitis (5, 11, 44) . Despite the controversial results, administration mouse recombinant adiponectin has been shown to attenuate alcohol-induced steatosis and inflammation (43) . Elevation of plasma adiponectin level was also associated with protective effects of dietary supplementation with saturated fat, resveratrol, or rosiglitazone against alcoholic steatosis (3, 37, 45) . Elevated plasma adiponectin by rosiglitazone supplementation or administration of recombinant adiponectin led to inhibition of the lipogenesis enzyme, acetyl CoA carboxylase, and stimulation of mitochondrial fatty acid ␤-oxidation and/or upregulation of Cpt1 (carnitine palmitoyltransferase 1) and medium chain acetyl CoA dehydrogenase (37, 43) . Activation of the hepatic SIRT1-AMPK pathway has been suggested as a major mechanism of how adiponectin modulates ethanol-induced disorders in hepatic lipid metabolism (37) . The present study demonstrated that rosiglitazone supplementation elevated plasma adiponectin by threefold and normalized ethanolimpaired peroxisomal fatty acid ␤-oxidation in the liver. Notably, both the mRNA and protein levels of Acox-1, the major peroxisomal fatty acid ␤-oxidation enzyme, were reduced by chronic ethanol exposure. Our previous study also found that chronic ethanol feeding suppressed the activity of catalase, a peroxisome marker enzyme (17) . These data indicate that ethanol has an inhibitory effect on peroxisomal function. Rosiglitazone supplementation enhanced Acox-1 gene and protein expression to a level even higher than in the pair-fed mice. Because proliferation of the peroxisome is regulated by PPAR (26) , these data suggest that rosiglitazone may enhance fatty acid ␤-oxidation by stimulating peroxisome proliferation.
The liver exports lipid in the form of VLDL, and previous studies have repeatedly reported that ethanol consumption reduces VLDL secretion rate as well as the content of cholesterol and triglyceride in VLDL (10, 12, 19, 38) . Normalization of VLDL secretion was associated with attenuation of alcoholic steatosis by zinc, PPAR-␣ agonist, or betaine (17, 19, 22) . Although the present study demonstrated dramatic decrease in VLDL secretion rate in ethanol-feed mice, rosiglitazone supplementation did not improve ethanol's effect on VLDL secretion. In accordance, rosiglitazone did not affect ethanol-suppressed gene expression of Mttp and Apob, which play a critical role in VLDL assembly and secretion. Recent studies suggest that adiponectin impacts VLDL metabolism. Human plasma adiponectin level was negatively correlated with plasma VLDL-Apob level and positively correlated with VLDL-Apob catabolism, whereas no correlation was found between plasma adiponectin and VLDL-Apob secretion (33) . An animal study demonstrated that adiponectin overexpression increases VLDL-triglyceride catabolism via upregulating muscle Lpl and Vldl-r (35) . In accordance with the previous reports, the present study demonstrated that elevation of plasma adiponectin by rosiglitazone was associated with a decrease in plasma triglyceride level. However, elevation of plasma adiponectin was not associated with alteration in hepatic VLDL secretion rate. These data suggest that adiponectin does not play a critical role in regulation of hepatic VLDL assembly and secretion.
Proinflammatory cytokines play an important role in the pathogenesis of ethanol-induced organ damage (40) . Although upregulation of proinflammatory cytokine expression in the liver has been well documented in alcohol-induced liver damage, chronic ethanol exposure also upregulated TNF-␣, IL-6, and MCP-1 in the WAT (16, 28) . Attenuation of adipose IL-6 and MCP-1 was associated with the prevention by taurine supplementation of ethanol-reduced plasma adiponectin (6) . The present study demonstrated that rosiglitazone supplementation attenuated ethanol-upregulated proinflammatory cytokine gene expression in both the liver and WAT. Although restoration of PPAR-␥ gene expression was associated rosiglitazone supplementation in the present study, taurine supplementation has been shown to attenuate ethanol-induced proinflammatory cytokine gene expression without affecting PPAR-␥. Therefore, further investigations are needed to define whether the inhibitory effects of rosiglitazone on proinflammatory cytokines are dependent of PPAR-␥ activation. Furthermore, the present study demonstrated that PPAR-␥ activation by rosiglitazone not only modulated WAT genes, but also upregulated PPAR-␥ target genes in the liver, in particular, Cidec. Cidec, the human homolog of FSP27, is a fat-specific gene and belongs to the CIDE family. Recent studies demonstrated that Cidec upregulation is associated with hepatic PPAR-␥ activation and the development of fatty liver (30) . A mechanistic study showed that forced expression of FSP27 in the liver inhibits mitochondrial fatty acid ␤-oxidation (31). Thus Cidec upregulation by rosiglitazone may have inhibitory effect on mitochondrial fatty acid ␤-oxidation. However, rosiglitazone supplementation enhanced mitochondrial fatty acid ␤-oxidation via the adiponectin-SIRT1-AMPK pathway (37) . Because rosiglitazone supplementation elevated plasma adiponectin level by threefold in the present study, we assume that the inhibitory effect of Cidec on hepatic mitochondrial fatty acid oxidation is eliminated by adiponectin.
In conclusion, the present study demonstrated that activation of PPAR-␥ by rosiglitazone supplementation reverses chronic ethanol feeding-induced disorders in WAT lipid metabolism. Restoration of WAT mass by rosiglitazone was associated with inhibition of ethanol-stimulated adipose lipolysis and normalization of fatty acid uptake. Rosiglitazone supplementation reversed alcoholic fatty liver in association with elevation of plasma adiponectin and normalization of ethanol-decreased peroxisomal fatty acid ␤-oxidation. Rosiglitazone supplementation also attenuated proinflammatory cytokine expression at the WAT-liver axis. These data suggest that inactivation of adipose PPAR-␥ is an important mechanism underlying ethanol-induced lipid dyshomeostasis at the adipose tissue-liver axis.
